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Heretofore all experiments on fixation of substances  at the site of 
inflammation have been performed on rabbits (1, 2, 3, 4).  However, 
it has been shown in a  previous communication  (5)  that in the frog 
the rate of fall of concentration of a  dye in  the capillaries of an in- 
flamed area was greater than in capillaries of a  corresponding normal 
area.  The  difference  represented  a  measure  of  increased  capillary 
permeability with inflammation.  In order to relate that study to the 
observations obtained in rabbits on the fixation of foreign substances 
at the site of inflammation, a  series of experiments was undertaken to 
demonstrate  fixation  and  accumulation  of  trypan  blue  in  inflamed 
areas of frogs.  On extending these experiments a  certain amount of 
information was obtained which lent further support to the hypothesis 
that fixation is primarily the result of mechanical obstruction caused 
by a  network of fibrin and thrombosed lymphatics at the site of in- 
flammation (6). 
0.1 to 0.2 cc. of 10 per cent croton oil in olive oil was injected into the large sub- 
cutaneous lymph space of the thigh of a medium or large sized bull-frog (R. cates- 
biana).  After a  period ranging  from 45 minutes to 1 day distinct hemorrhagic 
signs became visible at the site of injection.  0.5 cc. of 1 per cent trypan blue was 
then injected directly into the area of inflammation.  0.5 cc. of the dye was also 
injected into the same lymph space in the thigh of a normal frog acting as control. 
After several hours both frogs were pithed and various organs examined for the 
presence of dye. 
1 A part of this study was performed under a  Fellowship in Medicine  of the 
National Research Council. 
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In the control animal the dye had distinctly diffused throughout the 
body.  The buccal cavity, tongue,  abdominal wall,  and  both thighs 
were  distinctly  blue.  The  visceral  organs  and  the  heart  were  also 
stained.  Examination  of the blood obtained from the region of the 
sinus venosus dearly showed the presence of the  dye.  The  experi- 
mental  frogs,  on  the  other  hand,  while  characterized  by  intense 
staining  at the site of the inflammation,  showed in general no trace 
of the  dye in  the  buccal cavity, tongue,  and  abdominal  wall.  The 
normal thigh,  the visceral organs, the heart, and blood were as a  rule 
devoid of any trypan blue.  Only animals that displayed active mus- 
cular behavior  throughout  the  period of the  experiment  were used. 
The results of all the experiments appear in Table I. 
TABLE  I 
Dissemination of Trypan Blue from the Site of Inflammation in Frogs 
Experiment 
Interval between 
injection of 
irritant and that 
of dye 
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For the sake of convenience the tabulation includes a  comparison 
of the intensity of dye only for the buccal cavity of both normal frogs 
and of frogs in which there is acute inflammation in the thigh.  It is 
clear from the results that in frogs as in rabbits,  trypan blue is also 
fixed in situ by an inflammatory reaction. 
In  the  following group  of  experiments  the  attempt  was made  to 
determine whether in frogs the dye injected into the circulating blood 
would accumulate rapidly at the site of inflammation. 
Acute inflammation was induced in the thigh by means of croton oil as described 
in the preceding experiments.  After an interval of time varying in different ex- 
periments from 35 minutes  to  about  17 hours the brain of the frog was pithed. VALY  MENKIN  181 
The heart was exposed and the perieardial sac slit open.  0.8 to 1 cc. of 1 per cent 
trypan blue was slowly injected into the ventricle.  Within about a minute the 
inflamed  thigh  became intensely blue.  The normal thigh at this  time showed 
considerably less coloration, if any at all. 
The results are shown in Table II.  It is to be noted that when the 
inflammatory reaction was  of very long duration  and  the  skin was 
particularly congested, the  dye did  not penetrate into  the inflamed 
skin.  The capillaries in these experiments were found to be throm- 
bosed and in  complete stasis.  If, however, the inflamed muscles of 
the thigh were incised in such experiments, a greater accumulation of 
the dye was observed in them than in the muscles of the normal thigh. 
TABLE  II 
Accumulation of Trypan Blue at tke Site of Inflammation in Frogs 
Presence of trypan blue  Presence  of trypan blue 
Experiment  Duration of inflammation  in inflamedthigh  in normal thigh 
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The Failure of Trypan Blue to Penetrate into an Inflamed Area  When 
the Dye Is Injected at Its Periphery 
In a previous study (6) it has been shown that trypan blue injected 
at the periphery of an inflamed area in rabbits failed to penetrate into 
it.  This, as histological evidence pointed out, was due to the presence 
of a fine reticulum of fibrin and to thrombosed lymphatics at the site of 
inflammation.  These findings are reproduced in the following experi- 
ments on frogs. 
An acute inflammatory reaction was induced, usually in the left thigh of medium 
sized bull-frogs (R. catesbiana) by the injection of croton oil as described  above. 
Mter a variable interval of t/me 0.1 to 0.2 cc. of 1 per cent trypan blue was in- 
jected in three subcutaneous lymph spaces as follows: into that of the left lower 
quadrant of the abdomen,  in that over the dorsum of the left and right feet re- 182  STUDIES ON  INFLAMMATION.  VI 
spectively.  Sometimes  the dye was  also  injected subcutaneously in  the  right 
thigh.  In a normal frog, acting as control,  similar  injections  of dye were made. 
Several hours later both frogs were pithed and the inflamed thigh as well as the 
corresponding thigh in the control animal were studied for the presence of the dye. 
The results of the experiments appear in Table III.  It is clear that 
whereas trypan blue always diffused into the normal thigh of the con- 
trol animal,  no dye penetrated into the inflamed area of the experi- 
mental frog.  Often the dye would be seen bulging against the fibrous 
septum at the periphery of the inflamed thigh without actually pene- 
trating into it.  Microscopic section of the skin of the inflamed thigh 
TABLE III 
The Penetration of Trypan Blue into an Inflamed Area When the Dye Is  Injected 
around It 
Interval between  Penetration of dye  Penetration of dye 
injection of  Total duration  into inflamed  into normal 
Experiment  irritant and that  of inflammation  thigh of experimen-  thigh of control 
of dye  tal animal  animal 
15 
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hrs.: mln. 
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showed not only some capillaries packed with red cells and large num- 
bers of extravasated cells in the tissue spaces with the occurrence of 
fibrin deposit, but also some thrombosed lymphatics.  In a skin speci- 
men  removed  from  the  inflamed  area,  direct  examination  under  a 
binocular  dissecting  microscope  revealed  some  lymphatic  vessels 
that form part of the deep cutaneous network to be diffusely blue at 
the periphery of the inflamed area but on following one of these lym- 
phatics  as it entered the  inflamed area it abruptly became colorless. 
The point in  the vessel where the  diffusion of the  dye was  blocked 
revealed a large clot occluding the lumen. VALY ~[ENKIN  183 
CONCLUSIONS 
Trypan blue injected into the circulating blood stream of frogs ac- 
cumulates rapidly in an inflamed area. 
When trypan blue is injected directly into the area of inflammation 
it is fixed in situ and fails to diffuse outward. 
If the dye is injected at the periphery of an inflamed area it fails to 
enter the site of inflammation.  This failure of penetration is caused 
by the occlusion of lymphatic vessels and the presence of a network of 
fibrin in the inflamed area. 
These experiments  furnish additional evidence that fixation of foreign 
substances by  the inflammatory reaction is  due to mechanical ob- 
struction caused by a network of fibrin and by thrombosed lymphatics 
at the site of inflammation. 
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